Abstract. We present pulse shapes of 87 pulsars at 4.85 GHz. Pulse widths and flux densities are measured. The frequency dependence of the profile shape and the pulse width is discussed. Our data base has been combined with other published data to generate flux spectra between 1.4 GHz and 5 GHz. The mean flux spectral index has a value −1.9. Our analysis shows that pulsar emission spectra are steeper at higher frequencies.
Introduction
Observations of integrated pulse profiles over a wide frequency range are important for an understanding of many aspects of radio pulsars. Mean pulse profiles of pulsars exhibit great stability but there are large morphological differences from pulsar to pulsar (Backer 1976; Morris et al. 1981; Rankin 1983; Lyne & Manchester 1988; Seiradakis et al. 1995) . This fact has become the basis for a classification system first proposed by Huguenin et al. (1971) and finally developed by Rankin (1983) . The morphological characteristics of observed pulse shapes provide us information on both the geometry and the mechanism of pulsar radiation. In the hollow-cone beam model for pulsar radio emission (Sturrock 1971; Ruderman & Sutherland 1975 ) the observed pulse shapes represent cuts across the radiated beam. Most pulsars show considerable changes of pulse shape and profile width with frequency. Simple profiles at low frequency are often resolved into several components at higher frequencies (Kramer 1994 ). These differences are partly due to the various ways in which the line of sight cuts across the radiated beam and partly due to the intrinsic asymmetries or irregulaties within the actual pulsar beams. The narrowing of profiles with increasing frequency is compatible with the hollow-cone model Send offprint requests to: jkijak@astro.ca.wsp.zgora.pl and supports the concept of a radius-to-frequency mapping (Cordes 1978) .
Dispersion smearing and in particular, scatter broadening prohibit the detection of pulsars with high dispersion measures at low frequencies. However, the general steepness of pulsar spectra demands a highly sensitive observing system at high frequencies. The flux density of observed pulsars is known to be frequency dependent at lower frequencies with an average power-law index of −1.6 (Lorimer et al. 1995) .
The profile morphology develops with increasing frequency either from a simple to a multiple component structure or vice versa. A classification scheme based on this fact (Rankin 1983 ) distinguishes between core and cone dominated profiles, depending on the radiating part of the emission cone. The so-called core component is identified with a central component of the pulse profile, which shows no drift in the corresponding sub-pulses. In contrast, cone components generally located at the outer edges of the pulse profiles, often exhibit drifting subpulses. In the hollow-cone model, the mean pulsar beam consists of a multiple cone structure nested around a core component located at the magnetic axis. This model describes simple and complex structures of pulse profiles well (Oster & Sieber 1976; Gil & Krawczyk 1997) . In general, a core component is observed mainly at low frequencies and fades progressively towards higher frequencies. At the same time "conal outriders" become the dominant features in pulse profiles at high frequencies. This can be explained by geometrical effects Sieber 1997) . Several studies present arguments for the multiconal beam structure which is implied by average pulsar profiles Rankin 1993; Kramer et al. 1994; Gil & Krawczyk 1996) . However, Lyne & Manchester (1988) claim that the components in the mean profile correspond to patchy beams fixed to the neutron star surface.
Nevertheless, both models assume that integrated profiles represent a true "long exposed" image of the radio beam. Thus, the study of flux densities, pulse widths and pulse shapes over a wide frequency range are very important for the understanding of the radio emission properties of pulsars. Therefore we have started a project to collect pulse shapes and flux densities in the widest range of frequencies possible. Up to now, 64 different pulsar profiles have been observed and presented at a wavelength of λ 6 cm using the 100-m radio telescope of the Max-Planck-Institut für Radioastronomie (see Sieber et al. 1975; Kuzmin et al. 1986; Izvekova et al. 1994; Seiradakis et al. 1995) . In this paper we present a further 87 pulse shapes at 4.85 GHz. We have measured pulse widths at a level of 50 and 10 per cent of the pulse peak as well as mean flux densities (see Table 1 ). The results are used to discuss the profile development and the narrowing of pulse widths with frequency. The new data are combined with data from the literature to make a statistical study of the spectral behaviour of flux density.
Observations
Observations were performed between August 1995 and March 1996 at 4.85 GHz using the Effelsberg 100-m radio telescope. This survey aimed at weak pulsars (S < 0.5 mJy) which were not observed during the last survey (see Seiradakis et al. 1995) . We used a new sensitive HEMT system at 4.85 GHz recently installed at the 100-m radio telescope. The system with a maximum bandwidth of 500 MHz has a system temperature of T sys < ∼ 30 K for elevations above 20
• . We used either 4 channels of a 8 × 60 MHz filter bank as a de-disperser for two circular polarizations or broad-band signals with 500 MHz bandwidth or a narrow-band polarimeter with a bandwidth of 80 − 200 MHz for full polarimetry observations (see Hoensbroech et al. in preparation) . The filter bank was used in order to reduce the dispersion broadening for pulsars where the effect was significant (larger than P/1024, where P is the pulsar period), in particular for objects with a high DM . A detailed description of the observing system and the calibration procedure can be found in Seiradakis et al. (1995) and Kramer et al. (1996) .
During about 80 hours of total observing time we observed 108 pulsars. The average integration time for detecting a pulsar was about 10 − 15 minutes.
Results
From our sample of 108 pulsars (with an expected flux density S > ∼ 0.1 mJy at this frequency) we detected 87 pulsars and obtained good quality pulse profiles for most of them. Eight pulsars (B1541+09, B1737+23, B1738-08, B1831-04, B1841-05, B1914+13, B1915+13 and B2111+46) were detected by Seiradakis et al. (1995) but with poor signal-to-noise ratio (S/N) and pulse shapes were not presented. These pulsars were re-observed in the present survey and we obtained good quality profiles in a short integration time. For four other pulsars from our sample (B1900+01, B2016+28, B2045−16, B2310+42), profiles were published by Seiradakis et al. (1995) with poor S/N and are now presented with much better S/N. Eight pulsars which are presented here (B0450−18, B0611+22, B0626−28, B0809+74, B0818−13, B0834+06, B1604−00 and B1818−04), have been observed previously (see Sect. 1) using the old less sensitive system. We observed but did not detect 21 pulsars which are listed in Table 2 . From the 33 pulsars not detected by Seiradakis et al. (1995) we attempted to observe 16 pulsars and detected 14 of them. Only two pulsars (B0320+39, B0531+21) were not detected. It is notable that PSR B0320+39 was observed by Kuzmin et al. (1986) at 4.6 GHz but during the last survey (Seiradakis et al. 1995) and in our observations this pulsar was not detected even after 30 min integration time.
The detection limit at 1.4 GHz for the survey by Seiradakis et al. (1995) lies around S ∼ 1 mJy. The 4.85 GHz survey has yielded a lower limit of S ∼ 0.05 mJy, as is visible from Table 1 and the upper limits for not detected pulsars (see Table 2 ).
Scatter broadening makes it difficult to detect pulsars with high dispersion measure at low frequencies, and only 11 pulsars with dispersion measures DM > 600 cm −3 pc are known. All of them were discovered at 1.4 GHz (Clifton et al. 1992) or at 1.5 GHz (Johnston et al. 1992) . However, scattering is still a limiting factor even at these frequencies. Using the new receiver at 6 cm we detected 9 pulsars with DM > 500 cm −3 pc. We easily measured, for instance, B1758-23, which has presently the largest known DM of 1074 cm −3 pc (see Fig. 1 and Table 1 ). B1750-24 (DM = 800 cm −3 pc) shows a double (more likely complex) component profile at 4.85 GHz, whereas the components are completely smeared out at 1.4 GHz due to scatter broadening (Clifton et al. 1992) . Finally, we observed four millisecond pulsars at this frequency (for more detailes see ).
In Fig. 1 we present all pulse shapes obtained as result of our observations. The errors in flux density and pulse width were estimated by taking into account the calibration results, the signal-to-noise ratio and the resolution of the profiles. The error of the pulse width after smoothing is indicated by the width of the error box at the lower, right corner of each figure. The results are given in Table 1 . For each pulsar, Col. (5) and (6) contain the pulse widths W 50 and W 10 . The flux densities S and their errors are listed in Col. (7) and (8), respectively. The spectral index α for flux densities between 1.4 and 4.85 GHz is given in Col. (9) with errors in Col. (10). We assumed that the pulsar flux spectra are well described by a power law of the form S ∝ ν α . An index was obtained between 1.4 and 4.85 GHz using data from Lorimer et al. (1995) at 1.4 and 1.6 GHz, Sieber (1973) at 2.7 GHz, Seiradakis et al. (1995) at 1.4 and 4.75 GHz and this paper.
Discussion and conclusions
In summary, we present 87 pulse shapes (see Fig. 1 ), flux densities and pulse width measurements of all detected pulsars in this survey (see Table 1 ). Up to now we have collected about 130 pulsar profiles at λ 6 cm (see Seiradakis et al. 1995 and this paper) . Following a study of pulse shapes (Fig. 1) , many pulsar profiles show a complex structure at this high frequency but 23 of them have simple Gaussian shapes. As many as 35 pulsars exhibit no changes at 4.85 GHz as compared to 1.41 GHz. Eight pulsars show slight changes in their shapes as compared to low frequencies while for eight additional sources, the simple profile observed at low frequency is resolved into several components at the high frequency.
The profile width should decrease monotonically with frequency if the emission originates from a magnetospheric region dominated by a dipole magnetic field and a radiusto-frequency mapping exists (Cordes 1978) . Considering the profile-width narrowing we constructed a histogram which shows how the pulse width changes between 1.4 GHz and 4.85 GHz (see Fig. 2 ). For this analysis we used pulse shapes for both frequencies (1.41 and 4.85 GHz) from Seiradakis et al. (1995) and our survey. Figure 2 shows that the pulse widths decrease or in some cases are unchanged with increasing frequency. This effect is also reported by Xilouris et al. (1996) . For a few pulsars, pulse widths decreased dramatically. This behaviour is consistent with above assumptions of a hollow-cone model, a radius-to-frequency mapping and a dipolar field structure in the entire emission region.
The increasing pulse width (see Fig. 2 ) at high frequencies for some pulsars (B0402+61, B0450-18, B0626+24, B0906-17 and B1818-04) is caused by new components appearing in the profile. In Fig. 3 , PSR B0906-17 is shown as a typical example. It is seen that the fairly simple profile at low frequency (1.41 GHz) is resolved into a complex one at higher frequency (4.85 GHz), which can be For this analysis we used pulse widths at a level of 10 per cent of the pulse peak explained geometrically in the context of the multi cone model Sieber 1997) . It is obvious that the pulse width and even more the observed pulse shape depend critically on the intensity distribution in the outer parts of the beam. Assuming a semi-Gaussian structure of nested cone beams, the conal emssion (for grazing cuts) becomes more and more dominant as the beam width shrinks at higher frequencies, so that outriders may become visible (see Fig. 3 ). Our sample also contains pulsars with very wide profiles. Two pulsars have a pulse width W 10 larger than 100
• (PSR B1831-04 and PSR B1823-13) and five other pulsars have W 10 > 70
• (see Table 1 ). These pulse widths decrease by less than 10% as compared to 1.4 GHz. Moreover, two pulsars PSR B1702-19 and PSR B1855-09 have been observed with interpulses. Detection of pulsars with interpulses is not very common at high frequencies. Hankins & Fowler (1986) showed that the ratio of interpulse to main pulse intensity decreases considerably with frequency. On the other hand, Wielebinski et al. (1993) have observed an increase of this ratio at the very high frequency of 33.9 GHz for B1929+10. For the millisecond pulsars B1855+09 and J2322+2057 the same behaviour was observed (for more details see ). Up to now we have measured only five pulsars with interpulses at λ 6 cm (B0950+08, B1709-19, B1822-09, B1855+09, B1929+10; Hoensbroech & Xilouris 1997 and this paper).
We have combined the data from this survey with other published flux measurements in the frequency range Slee et al. 1986) between 1.41 GHz and 4.85 GHz. Figure 4 shows the distribution of spectral indices for all pulsars in the combined sample. This histogram is fairly broad, extending from ∼ −3.6 (PSR B0834+06) to ∼ −0.4 (PSR B1823−13). The mean spectral index of the sample is −1.9 ± 0.2. The overall distribution of spectral indices is symmetric. In Table 3 we compare the spectral indices for four different frequency regimes. It is cleary seen that the pulsar spectra become steeper at high frequencies.
The main conclusions from this analysis are as follows:
i) The profile shapes do not change much between 1.4 GHz and 4.85 GHz. About 30% of our pulsars have a simple Gaussian shape.
ii) Generally, the pulse widths decrease or are constant at high frequencies (Xilouris et al. 1996 and this paper) . This is consistent with the hollow-cone model and the concept of radius-to-frequency mapping (Cordes 1978; Kijak & Gil 1997 ). iii) The increasing pulse widths for a few pulsars at higher frequency is consistent with the multi-conal beam structure Sieber 1997) .
iv) The flux spectral index α has a mean value of ∼ −1.9 ± 0.2, with a symmetric distribution. This result is consistent with previous estimates of the mean spectral indexᾱ = −1.8 (Sieber 1973; Malofeev et al. 1994) . In general, pulsars show a steep emission spectrum at 4.85 GHz.
The pulse shapes from our survey and those of Seiradakis et al. (1995) are part of the European Pulsar Network Data Archive, maintained at the Max-PlanckInstitut für Radioastronomie in Bonn and are available at: http://www.mpifr-bonn.mpg.de/pulsar/data/. 
